Primary objective: The aim of this study was to investigate the cost-benefits of a residential postacute neurobehavioural rehabilitation programme and its effects on care needs and social participation of adults with acquired brain injury.
Introduction
It is estimated that $760 000 people in the UK are living with the long-term effects of head injury [1] and that a further 372 000-702 000 live with stroke-associated disability [2] . However, studies on the incidence of other forms of acquired brain injury (ABI) are limited, with no reports of prevalence available in Europe, including the UK [3] . Continual advances in medical techniques mean that more people suffering brain injuries are surviving, generally with little reduction in life expectancy [4] , but often suffering long-term disability. Many brain injury survivors will never be able to work again and may require full-time care for the rest of their lives. The economic burden of ABI is, therefore, substantial.
It has been recognized that the greatest barrier to social recovery and community reintegration following ABI is persisting neurobehavioural disability, which causes problems with regulation of mood, behaviour and executive function [5] . Research to date has demonstrated improved social functioning in those living with a brain injury following a period of neurorehabilitation [6] [7] [8] [9] [10] [11] . However, while the evidence in support of the clinical effectiveness of rehabilitation following ABI is abundant, there is a relative scarcity of evidence relating to its cost-benefits [12, 13] .
It seems reasonable to expect that improvements in social independence that have been found after rehabilitation should translate into reduced costs in caring for those individuals post-discharge, but few studies to date have investigated this issue. Turner-Stokes et al. [14, 15] found that an investment in extended-stay rehabilitation for patients with complex neurological needs at an early stage could be offset in a relatively short period by long-term savings in the costs of care. Wood et al. [5] demonstrated the cost-benefits of a postacute neurobehavioural rehabilitation programme, aimed at improving community integration and managing behavioural problems, even for individuals admitted several years postinjury. Worthington et al. [16] conducted a comprehensive cost-benefit analysis of neurobehavioural rehabilitation in a post-acute setting and showed that the initial costs of rehabilitation were generally recovered within 2 years, even when accounting for the costs of ongoing direct care and for future inflation. More recently, Van Heugten et al. [17] evaluated the impact of a residential community reintegration programme on societal costs (including healthcare, informal care and productivity losses) before and after treatment and concluded that the significant reduction of $18% in societal costs per patient achieved, justified investment in the programme.
Evidence demonstrating the cost-benefits of post-acute rehabilitation programmes is growing. However, the current economic climate has placed constraints on healthcare funding and has raised increasing concerns about how to support the costs of long-term care among individual patients and carers around the world. While this further emphasizes the importance of demonstrating the cost effectiveness of post-acute rehabilitation for those with acquired brain injuries of various aetiologies, it has also had implications for the characteristics of the individuals who use these services. The hospital-based lengths of stay have tended to decrease [18] [19] [20] , resulting in an increase in rehabilitation needs of those who receive post-acute rehabilitation.
This paper aims to report an up-to-date and contextualized cost-benefit analysis of post-acute rehabilitation services in a large cohort comprising over 200 individuals, as well as examining social, functional and behavioural outcomes following neurobehavioural rehabilitation. Costs of direct care and a broad range of outcome measures, including accommodation and occupational status, independent living ability and social roles were assessed at admission, discharge and 6-months follow-up. The relationship between outcome and time since injury was also examined. It was hypothesized that, after post-acute neurobehavioural rehabilitation, (i) there would be significant improvements in functional ability, accommodation and occupational status, towards greater independent living ability which (ii) would be apparent in all individuals, albeit time since injury could influence the extent of positive outcomes achieved (with greater gains for those admitted within 1-year than for those admitted more than 1 year after sustaining a brain injury) and (iii) that these gains would translate to a significant reduction in direct care costs over a lifetime.
Method
The study employed a retrospective design. Outcome data were collected from all individuals admitted to the residential rehabilitation centres operated by the Brain Injury Rehabilitation Trust (BIRT) as they progressed through the services. The 10 sites included in this study were dispersed throughout the UK (Southwest; Southeast; Midlands; North of England and Scotland). Details of the rehabilitation programme have been described in Wood and Worthington [21] . The programme is based on an assessment of the individual's neurological and neuropsychological deficits. These deficits are taken into account when designing person-centred rehabilitation programmes. Behavioural psychology underpins the management of behaviour that presents a challenge. Goal setting is used and compensatory strategies are developed with the individual. The programme is run by a psychology-led, interdisciplinary team. The approach is holistic and the overarching goal is to enable the person to return to as independent and participatory life as possible. Ethical approval was obtained from the Disabilities Trust Research Ethics Committee. All participants included in this study gave informed consent upon admission, authorizing their anonymized data to be used for the purposes of evaluation of rehabilitation.
Participants
BIRT admit individuals who fulfil the following admission criteria: they must be over 18 years-old; have had an acquired non-progressive brain injury of any aetiology; be post-acute or medically stable; have primarily cognitive problems and/or challenging behaviour and require specialist and/or lifelong support. A total of 359 individuals, who had been discharged from BIRT services over the course of 27 months, were assessed. Of those, 71 individuals who had been prematurely discharged (15 transferred due to additional health needs; 28 transferred to a more appropriate service; 26 self-discharged; two deaths) were excluded from the study, as well as those who did not have a diagnosis of ABI (n ¼ 4) and those who were admitted to the services more than once (n ¼ 10). The final sample included 274 individuals (196 males) at the point of admission and 89 individuals at follow-up. The two groups did not differ in gender, diagnosis, age at injury, injury severity, time since injury and length of stay. Furthermore, cases that had questionnaires with more than 25% of the items missing were excluded from the analyses. The final numbers are reported in detail in each table.
Measures
Outcome measures were selected to reflect the aims of the rehabilitation programme. These were to increase independence, psychological and emotional adjustment to brain injury and participation. Measures were also selected for their strong psychometric properties and their widespread acceptance and use. The outcome measures described below were collected at three time points: within the first month of admission, assessing the needs and functioning observed before rehabilitation, at discharge and 6-months after discharge. At admission and discharge, each service user was rated by a member of the clinical team (usually a psychologist). At 6-month follow-up, the outcome measures were completed by the service user or a carer and submitted to the respective service by post or they were completed over the phone with a member of the clinical team. While comparing reports by staff with those provided by the service user or their carer is not ideal, other studies have found that the two sources of information correlate strongly and significantly [22, 23] . Using the same medium of administration of measures at admission, discharge and follow-up would have been preferable. However, imposing such methodological restrictions would have greatly limited the feasibility of the present study. Furthermore, research has shown that postal and telephone surveys are useful alternatives for data collection in outcomes research [24] .
Supervision Rating Scale (SRS)
The SRS is a 14-point rating scale that has been specifically developed to assess support needs of those living with a brain injury [25, 26] . The scale comprises five levels of supervision ranging from independent, overnight supervision, part-time supervision, full-time indirect supervision and full-time direct supervision. These ratings were used as the basis for estimating the number of hours of care required by each individual (see Costs).
Mayo Portland Adaptability Inventory-4 (MPAI-4)
The MPAI-4 [22] was specifically designed for the post-acute assessment of people with ABI and evaluation of rehabilitation programmes. The 29 core items of the inventory are reported in this study. These are grouped into three sub-scales. The Ability Scale comprises items focusing on mobility, use of hands, vision, hearing, dizziness, motor speech, verbal and non-verbal communication, attention and concentration, memory, fund of information (including semantic and autobiographical memory; problem-solving and visuo-spatial abilities). The Adjustment scale includes items that measure psychological adjustment following the injury (anxiety, depression, irritability, anger and aggression, pain and headache, sensitivity to mild problems, inappropriate social interaction, impaired self-awareness, etc.). The Participation scale comprises items that evaluate the roles in society, including the degree of social contact, initiation and money management ability. MPAI-4 standardized scores between 50-60 suggest moderate-to-severe limitations, when compared with other people with ABI, and scores between 30-40 suggest mild limitations.
Community Disposition Ratings-Accommodation (CDR-A) [unpublished]
Place of residence is frequently used as a proxy measure for independent living ability and social recovery. The CDR-A comprises 10 mutually exclusive categories, in ascending order from more independent to more dependent living arrangements (i.e. lower scores correspond to more independent living ability). Unpublished data indicate an excellent inter-rater reliability (0.94) and satisfactory concurrent validity (0.44-0.54).
Community Disposition Ratings-Occupation (CDR-O) [unpublished]
Levels of engagement in a constructive occupation have been used as a sensitive measure of activity and participation. The scale includes eight mutually exclusive categories, ranging from academic or competitive employment to absence of productive activity. In a severely injured population such as those included in this study, solely focusing on remunerative employment or education would not provide sufficient discrimination. Unpublished studies on the CDR-O demonstrated adequate inter-rater reliability (0.63) and good concurrent validity (0.60-0.63).
Data analyses
Non-parametric tests were used to investigate whether the observed differences between admission, discharge and follow-up were statistically significant. A Bonferroni adjusted p-value of 0.017 was used throughout to control for familywise error. As costs were estimated directly from scores on the SRS (see Economic Appraisal), statistical analyses were not reported again for this set of data.
All analyses were conducted with IBM SPSS Statistics for Windows, Version 19.0. Missing data were handled using listwise deletion (i.e. cases with missing data were excluded from the analyses).
Costs
Only direct costs were included in the analysis. SRS scores were used to estimate the number of daily hours of care required at admission, discharge and follow-up. The costs of care were calculated on the basis of current hourly rates of care for support staff. These are in accordance with the National Joint Salaries Agreement for Local Authorities for 2010. Rehabilitation costs were based on the weekly rate for placement in the respective rehabilitation centre and the length of stay for each individual. Cost savings were defined as the difference in support costs before rehabilitation and at follow-up once the cost of rehabilitation was taken into account [15] . As no person included in the analysis had multiple admissions for treatment within the 6-months followup period, lifetime cost savings were calculated on the basis of the difference in costs of support at admission and at follow-up over a hypothetical life expectancy for the group and discounted to present value according to standard procedures [15, 27] . A sensitivity analysis was also conducted to determine cost-benefits for a range of year-on-year discount rates, calculated by using a discounting formula [16] (see Appendix).
Results
The aetiology and characteristics of the patient cohort are displayed in Tables I and II . Participants displayed moderate levels of neurobehavioural disorder at admission, based on the scores on the Adjustment scale of the MPAI-4 (M ¼ 51.63, SD ¼ 9.06, Range ¼ 10-80). The majority of service users had sustained a traumatic brain injury (TBI). The severity of the injury was measured through lowest recorded Glasgow Coma Scale (GCS) score. However, this information was only available for 22% (61) of the sample for two main reasons. First, there are no widely established measures of injury severity for those with a non-TBI. Second, it is often difficult to access hospital records at the post-acute stage of rehabilitation. The available data show that 71% (43/61) of the study participants had a GCS score of 8 or less, indicating that they had suffered a severe brain injury. This is consistent with the information from the functional measures, which indicate moderate-to-severe disability and a high level of dependency in the majority of the sample.
Clinical outcome was measured on the basis of accommodation and occupational status and scores on the MPAI-4. Projected savings in costs with hours of care was the economic measure.
The main outcome variables and Age At Admission were not significantly correlated, therefore this variable was not considered in further analyses. In this sample, the relationship between Time Since Injury and Length Of Stay was moderate (Spearman's Rho (n ¼ 273) ¼ 0.401, p50.01), indicating that individuals who had been admitted to rehabilitation longer after injury tended to have longer lengths of stay than those admitted earlier. The sample was, therefore, partitioned into two groups (up to 1 year and more than 1 year post-injury) to investigate differences in outcomes associated with later admission to rehabilitation. Table III shows the changes in support needs before rehabilitation, at discharge and at 6-months follow-up. Most of the individuals in the sample needed full-time indirect or full-time direct supervision at the time they were admitted into rehabilitation. At discharge, there was a significant shift towards lower levels of supervision (z ¼ 10.82, p50.001). This shift was apparent even for those who had been admitted more than 1-year post-injury (z ¼ 4.35, p50.001).
Support needs

Independent living ability
The ability to live independently and engage in social roles was assessed with the Participation scale of the MPAI-4 (Table IV) . The results show an improvement (decrease in total scores) from Admission to Discharge (t(189) ¼ 8.95, p50.01), from Discharge to Follow-up (t(67) ¼ 3.42, p50.01) and from Admission to Follow-up (t(57) ¼ 6.96, p50.01), indicating that individuals had progressively become more independent, displaying fewer difficulties in initiating various activities and socializing with others.
These changes parallelled those observed on the Ability scale of the MPAI-4, which showed a significant improvement after rehabilitation that was maintained 6 months later (t(58) ¼ 4.02, p50.01).
Accommodation
Changes in type of residence before rehabilitation, at discharge and at 6-months follow-up are displayed in Table V . Wilcoxon analysis of paired rankings showed that the changes in accommodation status from Admission to Discharge (z ¼ 11.08, p50.001), Admission to Follow-up (z ¼ 7.24, p50.001) and Discharge to Follow-up (z ¼ 2.92, p50.01) were significant.
Occupation
The measure of occupation showed significant changes in productive use of time following rehabilitation (Table VI, z ¼ 9.07, p50.001), which was maintained at Follow-up. The proportion of individuals with no productive activity was greatly reduced from 69% at Admission to 36% at Follow-up. Only a few individuals progressed to higher levels of occupation (academic or competitive paid employment; vocational training); however, this is expected in a group with this degree of injury severity.
Economic appraisal
The scores on the SRS were used to estimate the number of hours of care required at the three time points (Table VII) . This was done by assigning an average number of hours of carer input required to maintain each of the 14 degrees of supervision, ranging from 0-24 hours. (The conversion of SRS ratings into average daily hours of support can be provided upon request to the authors.) The annual costs were then calculated by multiplying the number of hours of care required by each individual by the respective hourly care costs (£8.66) and by the number of days in a year (365). Savings were computed by calculating the difference between annual costs of care at admission and annual costs of care at followup, using the same procedure and formula as Worthington et al. [16] . Based on current life expectancies of 78.5 years for males and 82.4 for females [28] , while adjusting for the 2.5:1 male bias in the present sample and given a mean age of 43.44 (SD ¼ 15.23) years at discharge in this cohort, the value that was used as the basis for cost saving projections was 36 years, corresponding to a mean life span of $79.6 years. However, recent studies have suggested that life expectancies among those who have suffered a brain injury may be shorter than in the general population [29, 30] . For this reason, the declining exponential approximation of life expectancy method [31] was used to compute life expectancy adjustments based on mortality rates for TBI injury survivors whose demographic characteristics overlap with the majority of individuals in the present sample (i.e. 40.15 per 1000 people for brain injury survivors with TBI aetiology, residing in the UK, aged between 15-54 and within 1-year post-injury). The costsaving projections that reflect these adjustments are also reported. Using life expectancies specific to individuals who have sustained a severe brain injury takes into account the health issues associated with the condition, which may affect life expectancy in the longer term. These are, therefore, more conservative estimates than the ones extrapolated from life expectancies for the general population. As in past research, sensitivity analyses were conducted based on standard discount rates of 3% and 5%. However, to account for current economic trends as forecast by the Bank of England [32] , a lower discount rate of 1.5% was also used. These results, as well as non-discounted savings, are displayed in Table VIII . For individuals who were admitted for rehabilitation up to one year after the injury, it takes just over a year for cost savings to be apparent. Time in achieving cost off-set is considerably longer (4-5 years) for those who have sustained a brain injury one or more years before rehabilitation. However, savings of £0.19-0.86 million in lifetime costs of care were still found in this group. Life-time cost savings among individuals who had been admitted to rehabilitation within a year of their brain injury ranged from £0.57-£1.13 million.
Discussion
This study examined the effectiveness of a neurobehavioural approach to rehabilitation in improving functional ability of individuals with an ABI and its potential for reducing dependency and, hence, the direct costs of long-term care. It was found that there was an improvement on all measures of social outcome at discharge which was maintained, or showed further gains, 6 months later.
More than 80% of the clients who were in hospital or living in a residential facility at the time of admission moved to accommodation in the community. This move was paralleled by significant reductions in supervision, where it was observed that 80% of individuals who had required full-time direct supervision at admission no longer did so at discharge. These gains in functional independence were accompanied by clinically significant gains in abilities, social participation and occupational status. However, it is possible that measures like the MPAI-4, which focus on a wide range of behaviours, under-estimate the changes that occur from admission to discharge, as clinical staff, the client and their family become progressively more aware of the person's difficulties as they progress through rehabilitation. Most of the clients also made progress towards higher levels of productive activity. Admittedly, very few individuals were able to return to open, competitive environments such as paid employment or higher education upon discharge or even in the subsequent 6-months. However, this is to be expected in a sample with such severe injuries and past studies have shown a similar pattern of results [5, 15, 33] . Previous studies have investigated the effect of Time Since Injury on outcomes by partitioning the sample into groups. Wood et al. [5] focused on differences between those who had been admitted less than two years, 2-5 years and more than five years post-injury. Worthington et al. [16] investigated whether there were different outcomes within the 2-year window. The current study investigated differences in outcomes between people who were admitted to post-acute rehabilitation up to 1-year and more than 1-year post-injury. These time frames were considered more appropriate given the characteristics of the current cohort (skewed towards earlier admission to post-acute rehabilitation), while still enabling an examination of the clinical and cost-benefits of rehabilitation after a period of significant spontaneous recovery.
The cost-benefit of rehabilitation was examined and a 68% reduction in direct costs of care was found for individuals who had sustained their injury within one year of admission. As expected, the reduction in costs among those who had sustained their injury more than one year before admission was smaller (37%), but still statistically and, undoubtedly, economically significant. Overall, it was found that cost savings could range between £0.19-£1.13 million per individual lifetime, depending on the time lag between sustaining a brain injury and admission to rehabilitation, the level of inflation discounted and the notional life expectancy of the group.
It has been suggested that better results are achieved when rehabilitation begins within the first year after injury [15] , although it is always difficult to separate the added value of rehabilitation from spontaneous recovery in the early stages. The present findings corroborate this view. However, they also suggest that the benefits achieved by individuals who begin rehabilitation more than one year after injury should not be ignored. It is likely that the savings in direct costs of care will add to savings in societal costs, as individuals who become more independent require less direct supervision, which in turn enables informal carers to return to work, resulting in an overall reduction of costs associated with loss of productivity. Van Heugten et al. [17] showed significant reductions in societal costs of brain injury in a sample studied much later after injury (6 years), suggesting that rehabilitation can have a significant impact on costs well-beyond the 2nd year post-injury. This is especially important when considering the rehabilitation of neurobehavioural disorders, as these are known to often arise for the first time late after injury [34, 35] .
One of the motives for reporting this update of costefficiency data with post-acute residential rehabilitation programmes was to examine how changes in policies associated with the current economic climate have influenced the characteristics of the populations who are now admitted into post-acute rehabilitation. In comparison with studies published in the last 13 years [5] , this study found evidence of a decrease in lengths of stay in rehabilitation, as well as a decrease in time from injury to admission to post-acute rehabilitation. More importantly, evidence was found that those admitted to post-acute rehabilitation over the last six years showed greater rehabilitation needs than those admitted in the past. There was a larger percentage of direct admissions from an acute hospital or residential facility than in the sample reported by Worthington et al. [16] (77% vs 52%), as well as a larger percentage of individuals in need of full-time direct supervision (43% vs 28%) at the point of admission to rehabilitation. Nevertheless, the savings demonstrated in this study for those admitted for rehabilitation within 12 months of injury are comparable to those reported in earlier studies on samples of individuals with less complex needs [15] and the gains in terms of independent living ability are even greater. Forty-six per cent of the present sample were living in the community without support at 6-months followup, a percentage greater than reported in earlier studies (Wood et al. [5] , 21%; Worthington et al. [16] , 23%). However, it should be pointed out that the follow-up timings (6-months) reported here are much shorter than the average 17.44 and 33.15 months from discharge to follow-up reported by Worthington et al. [16] and Wood et al. [5] , respectively. Furthermore, there have been changes in the thresholds for assigning personal support in the past years, which may have had an influence on the number of people who qualify for this kind of support upon discharge.
One of the strengths of the present study was the inclusion of a wide variety of internationally recognized measures of outcome, along with the cost analysis of post-acute rehabilitation of a reasonably large sample. This procedure should enable more reliable comparisons across studies and cohorts in future research concerning the clinical and economic benefits of post-acute neurorehabilitation. Direct cost savings were calculated while adjusting for the cost of rehabilitation, future inflation, as well as notional life-expectancies for the general population and the brain injured population. Therefore, the estimates of savings reported are likely to prove fairly conservative. However, an assumption is made that individuals who benefitted from rehabilitation would either maintain or reduce their care needs observed at followup. This may not be the case for a small percentage of individuals who are discharged but later re-admitted to rehabilitation centres.
This study focused only on the costs associated with the provision of direct care. It is impossible to ascertain whether the behavioural and social benefits resulting from rehabilitation reported here would necessarily lead to a decrease in societal costs of care. Using a methodology that includes indirect costs, such as that employed by van Heugten et al. [17] , could have been informative. However, the authors concur with these authors that this type of analysis is more reliable when investigating individuals who have been living in the community for longer periods, as this would allow for the full benefits of reintegration to arise. The present study excluded individuals who had been prematurely discharged for different reasons. Therefore, it is unclear whether the benefits reported herein only apply to the 'typical' service user of a neurobehavioural rehabilitation service or whether some benefits would also be apparent among those who were discharged early. The lack of equivalence in the demographic characteristics of those who did and who did not complete the rehabilitation programme in the current cohort, as well as the small number of follow-up data sets among those who were prematurely discharged (n ¼ 8) precludes a comparison of outcomes and savings between these two groups. Should it be the case that these individuals do not benefit from residential rehabilitation, future research should endeavour to understand the factors that predict whether or not specific clients are likely to engage with the rehabilitation process and aim to find the best fit between individual and service at the point of first referral.
As this study did not include a control group, it is impossible to fully account for the influence of natural recovery on the observed improvements. However, it is reasonable to assume that clinical benefits and cost-benefits are, to some extent, the direct result of rehabilitation, as these were observed among brain injury survivors admitted to rehabilitation more than 1-year post-injury as well as those admitted within 1-year. Finding a no-treatment or even an alternative treatment control group is extremely problematic for brain injury rehabilitation. First, there are ethical issues in not offering any intervention to a person who has suffered a brain injury. Additionally, although various approaches to brain injury rehabilitation exist, these are not so much alternative treatments, but rather different ways of managing different problems or different stages of the recovery process. It must also be recognized that part of such rehabilitation (as for any other medical treatment) is to provide the safety, care and support required to enable the person to recover spontaneously. For those with severe cognitive and behavioural changes this is not easy for families to provide without some guidance from a rehabilitation centre. It is also important to note that many of the groups at risk of an ABI (e.g. drug and alcohol abusers; the homeless) typically have little family support available.
Conclusions
An analysis of the clinical and cost-benefits of post-acute neurobehavioural rehabilitation demonstrated that this approach leads to gains in functional ability and independence and to significant reductions in costs of direct care over a lifetime. These benefits remained apparent 6-months postdischarge. Further studies investigating the benefits of neurorehabilitation in individuals who have been discharged to the community for longer periods of time would clarify whether these benefits are maintained over longer time spans and whether further savings can be achieved.
